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© Optical device comprising a holder accomodating an optical system. 



© An optical system is described, for example a radiation source unit (10) Supplying a cofflmated radiation 
beam (RB), comprising a tubular holder {30) a radiation source (33) arranged In the holder and an optica) system 
having a collimator lens (37). The displacement of the focus of the optical system caused by the variation in 
length of the holder occurring at a varying temperature can be compensated by a suitable choico of notably the 
geometry (R., DO and the refractive index (n.) of the collimator lens. 




tone Copy Cant re 



PAGE 12/45 ' RCVD AT 2/712007 4:05:30 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5!6 ' DNIS:2738300 ' CSB):612-455-3801 * DURATION (mm-ss):0M& — 



02/97/2887 14:42 612-455-3801 



HSML, P.C. 



PAGE 



0 280 366 



Optical device comprising a holder accommodating an optica! system. 



The invention relates to an optical device comprising a holddr accommodating a system of optical 
elements, infer atia a lens system, which elements are secured to trie inner wall of the holder. 

A device of this type is known in many embodiments. Examples of Such a device is an optical device in 
the form of a radiation source unit supplying a coflfmated radiation beam and having a radiation source and 

$ a collimator lens whose object focal plane must coincide with the radiating surface of ma radiation source. 
This radiation source unit (s used, for example, in an apparatus for scanning an information plane in an 
optical record carrier with a radiation spot, to which apparatus the invention also relates. 

An apparatus of mis type is described in United States Patent no. 4,546,493. An objective system which 
focuses the parallel beam supplied by tine radiation source unit to a scanning spot in the. information piano 

to Is arranged between the radiation source unit and the record carrier. Scanning an information plane is to be 
understood to mean both scanning & recorded information plane with a mad beam and scanning (or the 
purpose of writing infbrmatfon in this plane with a radiation beam which is intensfty-modulatod in 
accordance with the information to be written, as described In United States Patent no. 4,546.483, 

In order that an optical record carrier can comprise a sufficiently large quantity of inforirnation. the 

is optlcaJ details of its information structure must have vary small dimensions, of the order of one micrometer. 
The scanning spot must have a corresponding stee. Such a scanning spot Is obtained with an objective 
system having a sufficiently targe numerical aperture, at feast of me order of 0.40, and whose aperture is 
adequately filled by the beam In such a manner that a diffraction-limited radiation spot is formed in the 
Information plane, ft must be ensured that the scanning spot has a constant size and a constant intensity 

so distribution. 

To thfs end it Is not only required that the focal plane of the objective system always coincides with the . 
Information plane, which can bo realised In various known manners, but also that the beam entering the 
objective system and coming from the radiation soruce unit is always parallel and has a constant cross- 
section. This means that In the radatton source unit the radiating surface of the radiation source must 

S3 always coincide with the object focal plane of Ihe collimator lens. 

The distance between the radiating surface and the collimator tens is determined by the length of the 
portion of the holder located between thsese two elements, In which holder the radiation source and "the 
collimator lens are secured. Due to variations of the ambient temperature this length may change so that 
the radiating surface of the radiation source is moved with respect to the collimator lens. Then ihe beam 

39 supplied by the radiation source unit is no longer optimally parallel. .Similar problems may arise in a 
detection unit for an optical reading and/or recording apparatus, which unit comprises a, (ens and a radiation 
detector and for which unit It should be ensured that the spot formed on the detector Is not influenced by 
temperature effects. An analogous problem generally presents itself in optical systems whose elements are 
secured in a holder having a given coefficient of expansion and in which stringent requirements are 

as imposed on the mutual positioning of the optical elements. 

The present invention has for its object to provide a general solution to this prabigm and to provide 
optical devices whose optical behaviour is substantially independent of temperature variations. An optical 
device according to the Invention is characterised in that me equivalent coefficient of expansion of the 
optical system giving the change in the optical behaviour of mis system as a function of the temperature 

co and being determined by: 

- the coefficients of expansion of the materials of the optical elements, 

~ the retractive indices of these materials and their variations with temperature. 

- the dimensions of the optical elements and 

- the temperature dependency of the wavelength of the optical beam passing through the device is equal to 
48 the coefficient of expansion of the holder material which is located between the fixations on the holder of 

the two outer elements ot the optical system. 

The Invention utrlfzea the fact that the optical behavfour of each of the elements determining the 
radiation beam and the wavelength of this beam are also dependent on the ambient temperature. The 
refractive index of these elements Is dependent on the temperature, whilst these elements also exhibit a 
so given coefficient of expansion. According to tha invention the parameters of the optical etementB are chosen 
to be such that the changes in the optical behaviour of the elements casussd by temperature variations 
compensate the change in the optical behaviour of the optical system which is caused by the change in 
distance between the optical elements which change is due to expansion or shrinkage of the holder. 

The optical elements may entirety consist of glass. These elements may alternatively be made of a 
synethic material. Hitherto (ho use of synthetic material elements such as synthetic material tenses in 

2 
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optical systems has had (ho drawback that the retractive Indices oT the synthetic materials are temperature- 
dependent to a relatively large extent, whilst in addition the synthetic materials have a relatively large 
coefficient of expansion so that the optical behaviour of the elements vartos to a relatively great extent with 
the temperature. This drawback is obviated when using the inventive Idea according to which this variation 

s is compensated by a suitable choice of the coefficient of expansion of the material of IhB holder 
accommodating the optical system. 

It is noted that in the art of optics the problem of the influence of temperature variations on the 
behaviour of an optica? system has been known for a long time and that it has been attrnpted In various 
manners to solve this problem, in the German Patent Application no. 2,830,341 laid open to public 

jo inspection it is established that the image field of a composite objective system shifts upon termperature 
changes due to the change in length of the objective holder. To solve this problem it is proposed to 
manufacture at least one of the fittings of the lens elements from a material which is different from the 
material of the fittings of the other elements. Furthermore United States Patent no. 4,162,120 slates that 
temperature variations may result In expansion or shrinkage of glass tenses and cause changes in the 

ts refractive index or these lenses, and, in expansion or shrinkage of the lens fittings so that the focal length of 
the lens system varies. It is proposed as a solution to provide a special connection between the lens fittings 
and the holder which connection comprises alternately first and second elements which have high and tow 
coefficients oJ expansion, respectively. 

In none of the known optical systems the temperature coefficients of the elements are adapted to the 

to coefficient of expansion of the holder accommodating these elements. 

The Invention can be used advantageously In an optical device In the form of a radiation source unit 
supplying a colllmaied radiation beam and having a radiation source constituted by a diode laser whose 
wavelength is temperatureHjependent and a collimator lens whose object focal plande must coincide with 
the radiating surface of the radiation source. This radiation source unit is characterized In that the collimator 

35 lens la a single lens and in that the equivalent coefficient of expansion giving the variation of the front focal 
length of the collimator lens as a function of the temperature is equal to the coefficient of expansion of the 
holder material which is present between the fixations on the holder of the radiation source and the 
collimator tens. 

The front focal length is the length, measured along the optical axis, between the focus of the collimator 
30 lens and the refractive surface of this lens located on the side of this focus. 

The invention can also be used advantageously In an optical device in the form of an optical detection 
unit for receiving a beam of radiation and comprising a lens for focussing the radiation beam and a 
radlatfon-senamve detector to convert the radiation beam into an electrical signal. This detection unit is 
characterized in that the equivalent coefficient of expansion giving the variation of the focaJ length of the 
as lens and the temperature dependency of the wavelength of the beam of radiation is equal to the coefficient 
of expansion of holder material which is present between the fixations on the holder 01 the radiation detector 
and the lens. 

When using me a single lens the condition at which the variation in optical behaviour due to the 
variation of the lens compensates the variation caused by the change in length of the holder can be derived 
40 in a simple manner. 

The simplest embodiment of the radiation source or detection unit comprising only a radiation source, 
respectively a detector, and a lens Is characterized in that the lens is a planoconvex lens and in that the 
following condition Is satisfied 



in which 

ft is the front focal length. 

a*, Is the equivalent optical coefficient of expansion, 

f is the object focal length of the lens, 

a. is the coefficient of expansion of the len3 material, 

D< is the axial thickness of the lens, 

n, is the refractive index of the lens material, 

», is the coefficient of expansion of the holder material between the radiation source and the lens. 




3 
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L is the fangth of the holder between the radiation source and the lens, and 
^ — and ~— are the partial derivatives with 

OX e> T 

respect to the wavelength and temperature, respectively. 
s An embodiment of a single planoconvex collimator lens la described in United States Patent no. 

4,592.627. The convex surface of this lens has an aspherlcai profile so that the lens Is satisfactorily 

corrected for spherical aberrations. 

Particularly In a radiation source unit which is intended for use in an optica! write and/or read device, a 

diode laser f$ preferably used as e radiation source. 
to Instead of a planoconvex (ens whose convex Surface Is aspherlcai, the lens may be aJtematively a 

biconvex lens whose surfaces are aspherlcai or not aspherfcaL The embodiment of the optical device 

having such a lens is characterized in that the following; condition is satisfied 



*5 



20 



(* &1 > 1% + f t n?Rs <*a * T + >?y 



Tr 1 ) = V L 



B In which 

f is the optical focal length of the lens, 

f, fs the equivalent focal length of only the surface of the lena remote from the radiation source, 
D , Is the axial thickness of the lene , 
n, Is the refractive Index of the lens material, 
a, is the coefficient of expansion of the lens material, 
Ri is the radius of curvature of the surface of the lens facing the radiation source. 
*» is the coefficient of expansion or the holder material between the radiation source and the lens and 
L is the length of the holder between the radiation source and the ions, and 
M-^ and are the partial derivatives with 

35 respect to wavelength and temparature, respectively. 

By replacing R» and *Rt the condition for a concave-convex lens whose concave surface has a radius Of 
curvature R a Is obtained. 

When using a radiation source unit in a device for reading an optical record carrier having a radiation* 
40 reflecting information surface, a beam-separating element for example a prism having a semfoianspererrt 
4 interface is arranged between the radiation source and the collimator lens, as is shown in United States 
Patent n. 4,592,627. The purpose of this element Is to separate the beam reflected by the information 
structure from the beam emitted by the radiation source and to direct the first-mentioned beam onto a 
radlattorvsenslttve detection system. By arranging such an element the optical path length between the 
^ radiation source and the collimator lens ts changed and. since the material of this element has a coefficient 
of expansion and a temperature-dependent refractive index, temperature variations win Influence the optical 
behaviour of this element and hence that of the radiation source unit. 

According to the invention this effect may also be compensated by a suitable choice of the parameters 
of the other optical elements In the radiation source unit. 

Such an optical device having a planoconvex lens is characterized in that the following condition is 
90 satisfied 



59 
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in which D* n* and «, are the axial thickness of the beam-separating dement, the refractive index of the 
element material end the coefficient of expansion of this material, respectively. The other quantities of Ihis 
equation have been defined hereinbefore. 

An optical device having a beam-separating priarn and a biconvex lens Is characterized in that the 
following condition is satisfied 



The invention also relates to a device for scanning an information plane in an optical record carrier, 
which device comprises a radiation source supplying a scanning beam, an objective system for focussing 
w the scanning beam to a scanning spot In the Iniormatlonplane and a detection unit for converting the beam 
from the record carrier into an electrical signal. The sensitivity to temperature variations of such a device is 
SrnJtBd ff this dBvice is characterized In that the radiation source unit arKVOr the detection unit are in the 
form of one of the above-mentioned embodiments according to the Invention. 

The invention will now be described in greater detail by way of example with reference to the 
^ accompanying drawings in which 

Figure 1 shows a known device for both writing and reading an optical record carrier. 
Figure Z shows a radiation source unit according to the invention for use in (his device. 
Figure 3 shows a planoconvex collimator iens for use in the radiation source unit. 
Figure 4 shows a biconvex collimator tens, 
45 Figure 5 shows a device for reaping an optical record carrier having a read unit which is provided 

with a beam-separating prism, and 

Rgure 8 shows a telocentric lens system. 
Figure 1 shows a perspective view a part of a round disc-shaped record carrier 1. The Information plane 
2 of this carrier in which a user can write information and read It afterwards is located on the upper side of 
50 the record carrier so that writing and reading is effected through the carrier substrate 3 by means of a write 
spot ws and a reed spot RS, respectively. A previously provided servo-track 4 of which onry a small part is 
shown in Figure 1 Is present in the information plane & By rotating. In the direction of the arrow 7, the 
record carrier about a shaft 6 inserted ihrough a central opening 5 in the carrier the spots can scan a 
revolution of the servo-track 4. The entire spiral-shaped servo-track is scanned by a defined movement of 
$3 the two spots in the radial direction. 

The write end read device has two radiation source units 10 and 11 supplying a write Beam WB and a 
read beam RB, respectively. These beams are directed towards an objective system 15 by means of e 
reflector 14 which is adjustable, for example in the tangential and radial directions, and the objective system 



20 
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focuses the beam WB to a wrtte spot WS and the beam RB to a read spot RS in the information surface. 

The beams WB and RB emitted by the radiation source units 10 and 11 are linearly and mutually 
perpendicularly polarized. A beam-splitter 13, tor example a partially transparent prism is arranged it> the 
path of the beam RB, which prism reflects this beam to a polarisation-sensitive beam splitter 12, for 
s example in the form of a prism. This prism reflects both the beam RB from the radiation source unH and the 
beam RB' reflected by the information plane. The write beam WB is passed by the beam spatter 12 and 
traverses a highly selective Xi4 plate 10 twice on its path to and from the information pfane. \ fs the 
wavelength of the beam WB. The plats 16 rotates the direction of polarisation of onry the write beam , 
through 90* so that the reflected beam WB* Is reflected by the beam splitter 12. The highly selective plate 
to 16 does not have any Influence on the direction of polarisation of the read beam RB. 

The beams WB' and RS' which are reflected by the beam splitter 12 and which nave the same direction 
of polarisation are passed by the prism 13 to their associated datectors 22 end 23. The beams WB' and RB* 
may be separated from each other by, for example the combination of a highly selective )v2-plate 10, which 
rotates the direction of polarisation of one of tire beams through 90". end a polarisation-sensitive beam 
75 separator 19 which substantially passes one of the beams, for example WB' and substantially reflects the 
other beam to the detectors 22 and 23, respectively. Wavelength-selective filters 20 and. 21 may be 
arranged m front of the detectors, which filters prevent radiation of the write beam and the beam from 
reaching the detector tor the read beam and the write beam, respectively. The lens 17 focuses the parallel 
beams W8* and RB' on the detectors 22 and 23. 
20 For further detairs about writing and reading with the device accorcing to Figure 1 and about the servo- 
systems used for tracking and ibcustng reference is made to United States Patent no, 4,546,463 in which 
other embodiments of the writs-read device based on the same principle are described. 

For a satisfactory operation of the device it Is required for the beams entering the objective system to 
have a constant cross-section* in other words the radiation source units should suppfy beams which are 
» constantly colHrnated. independent of temperature variations. 

A3 is shown In Figure Z each radiation source unit 10 and 11 comprises a holder 30. for example of 
aluminium or stainless steel. This holder has an abutment 31. A radiation source in the form of a diode laser 
33 has a flange 34 whose top face engages the abutment 31 and whose side face engages the inner wall of 
the holder. The diode laser is fixed In the holder by means of the bent edges 32. Furthermore the holder 
jo comprises a collimator lens 37 which is arranged between the bent edges 40 and is fixed against the inner 
wail of the holder, for example by means of an adhesive. The holder may be closed by means of a 
transparent plate 41. The radiation source unit may further have a cylindrical lens at the area of the plate 4i 
or between this plate and the radiation source for correction of possible astigmatism of the beam. 

The collimator lens Is for example a planoconvex lens whose plane surface 38 faces the diode laser. It 

39 must be ensured that the distance between the surface 38 and the diode laser Is such that the radiating 
surface 33 of the diode laser is located In the local plane of the colflmator tens. However, under the 
influence of temperature variations the holder may expand or 3hrink so that the distance between the 
radiating surface 36 and the surface 38 of the collimator lens changes, which results In the surface 36 no 
longer coinciding with the focal plane of the collimator lens and in the beam WB or RB emanating from this 

40 lane no longer being cotlimated. According to the invention the reflective Index, the coefficient of expansion 
and the other tens peremeters are chosen to be such that the length variation of the holder is compensated 
for. 

The condition under which this is effected will now be described vtfth reference to Ftgure 3. In this 
figure F. is me object locua In which focus the radiating surface of the laser must be located. I is the focal 

40 length, or the distance hetween the focus F. and the principal plane H of the lens. f r is the so-called front 
focal length, that is to say the distance, measured along the optical axis 00\ between the surface 38 of the 
lens and the focus F.. l» is thB distance between the surface 38 and the principle plane H and 0- is the ? 
axial thickness of the collimator lens. R, is the radius of the curvature of the convex surface 39 of the lens. It 
Is assumed that the fens ie secured in the holder at the position of the surface 38 and that the radiation 

so source is secured in the holder at the position of the radiating surface of this source. The expansion ^ 
- *JL of the holder portion having a length L between the said areas of fixation must then be equal to the 
change 
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is the coefficient of expansion o* the holder material. 
As is apparent from Figure 3 
(1) 

Tne focal length t of a planoconvex lens is given by 

s 

, (2) 

to 

in which n, is the refractive index of the lens material For U< ft holds that 
U - 



r5 

Therefore it holds that 

30 



R 1 D 1 



w In the case of temperature variations both tho geometry of the lens, and bene© the quantities R> and 0, antf 
the refractive Index n^ changes so that 

df t 1 dR 1 ^ R 1 ^ 

dT 55 n,-! * dT " (n r V)« ' ~~dT " JTJ" ~~OT * 



TO 



By filling in 

with a, being the coefficient of expansion of ma lens material, and 



50 n t -1 * 

equation (4) changes into 



(4) 



(5) 
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in which can bo indicated as on equivalent coefficient of expansion, or rn other words the change of the 
focal length per degree of temperature changes due to changes within the optical system. According to tha 
invention it Is ensured that 
*** * f» = ttx . L so that. f f and L are equal - 

9 The radiation source which Is used In the radiation source unit is preferably a diode laser, for example 
an AIQaAs laser. For such a laser the wavelength \ of the emitted radiation can vary with the temperature-. 
A great advantage ot the present Invention is that this variation can also be compensated for by taking this 
variation into account when choosing the parameters in equation (9). , 

Since the refractive index n. of the tens material depends on the wavelength of the radiation passing 

10 through the tens. 



dn* 

T6 In equation (5) must be replaced by 

20 

In wnich the symbols ~^ and denote the 

partial derivatives with respect to wavelength and temperature, reapecbvery. According to the Invention, for 
25 a radiation source unit having a radiation source whose wavelength depends on the temperature it holds 
that 

1 \ J 



V- 



35 



^ Instead of a planoconvex lens* a lens having two curved refractive surfaces may be used alternatively 
as a collimator fens, for exempts a biconvex lens. 

Figure 4 shows a biconvex lens. As is known from the Handbooks on Optics It holds lor the focal length 
f of a biconvex lens that 



46 



SO 




(7) 



and the front focal length is given by: 
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In which 

R 1 

T n "| ^ ' 

so mat • 

JO 

since D. and R. relate to the same material: 

JL fl.o 
as »dT B 1 

so that for the second term on the right-hand side in (9) it holds that 

50 d n 1-1 D l. D 1 d n i^ ] 

Consequendy it holds that 

35 



n„-1 D« D« dn^ ( 

1 -1 -m T ^"^• D 1- 



For the lens according to Figure 4 it also hows tiiat 



(8) 



(9) 



(10) 



« f . f ,., , R 2 

• _ 1 n,-1 (11) 

ss 

so that 
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ax 



2_ ^1 „ d 



R 1+ R 2 - Dl 1 



R 1 +R 2" D 1 



l 1 



n^-1 



Since Bu R, and D, relate to tho same material it holds ttiax: 



70 



IS 



"5t ^ n 1 ^ 



so that 



30 and hence: 




d* f df i fD i 



dT f . dT 2 n 
• 1 n 1 



1 . dn 1 



12 1 1 



(12) 



In this expression f, corresponds to t In the expression (2) for the planoconvex lens from which it can be 
derived that 



df 

f d? - ^ n _t • 

4S I I 



dn 



(13) 



so that (12) can be written as: 



TO 



55 



- ft - 1 . 

^Pf ' ^1 _ n.,,-1 * dT> * 



fD 



m 1 dn 1, 

n -1 * 2' dT 

R 1 +R 2" D 1 "5- " 1 



(14) 



and hence: 
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r i ,n 1 tR 2 



_1 
dT 



20 



23 



Riling in (10) and (15) and (9) results »n: 



1 



dn 



whose right-hand term can be arranged as: 



f f_ D_ . f % dn l 



(15) 



(16) 



(17) 

If a biconvex collimator lens in the radlalcn source unit is combined with a diode laser whose 
<o wavelength Is temperature-dependent, 

dn, 



"3T 



*5 



in expression (1 7) must be replaced by 



50 



53 



11 
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25 



40 



ax 30 that: 
2» sf 



to 




. . (t8) 

If in (18) H± is provided with e mlnus^sJgn* the condition for temperature compensation Is obtained for a 
radiation source unit having a concave-convex collimator lens whose concave surface has a radius of 
curvature ft* 

Figure 5 shows diagrammatical ly a radiation source unit 50 which in combination with an objective 
system 51 and a built-in radiafion-seflsitive detection system 42 constitutes a read device which Is 
partfcularty suitable for reading optical record carriers. For the operation of this device reference is made to 
the United States Patent no. 4.592,627 m which the device has been described in detail. In connection with 
the present Invention It Is only Important that a bearrHseparating element, for example in the form of a 
parttally transparent prism 63 te arranged between the diode laser 33 and the collimator fens 37. This prism 
passes a part of the beam RB emitted by the diode laser to the record carrier 1 end reflects a part of the 
beam reflected by the Information plane 2 to me radletion-eensitrve detection system 52. 
3D 8y arranging the prism in the radiation path the optical path langth changes by 

D, - 2 - 



3 n 3 

in which Dj is the thickness Of the prism* measured along the optical axis OCT and n 3 is the refractive index 
of the prism material. For the optical path length S between the radiating surface of the diode laser and the 
coflmator fens 37 It now holds that 

n - 1 

S s f . + D, — 



(19) 

end for the change caused by the temperature variations H holds that: 

dT dT * dT y 0 dT v J 



w hence 



12 
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70 



(20} 

tf, as shown in Rgure 5. the collimator tens Is a planoconvex tens, the expression (5) can be filled m for 

% . 

and 

D-D, . - dn 




n 2 (21) 
If the collimator lens is a biconvex lens 

35 



must be replaced by the expression (17) so that 



35 



dn , 0 3 r , ton 




(22) 



If the radiation source is a diode laser with a temperature^ pendent wavelength, -|4jr in the 
expressions 2i and 22 must be replaced by 

it the collimator lens is a planoconvex lens, (ts convex surface preferably has an asphericat proflte in 
order to correct for spherical aberrations. As described in the United States Patent no. 4,592.827 and as 
shown in Figure 5, the asphencaJ surface may be in the form of an aspherical outer profile 57 of a thin layer 
of transparent synthetic material 56 which is provided on the convex surface 55 of the tens 37. In the afore- 
mentioned expressions for (ha equivalent coefficient of expansion there are no quantities which relate to this 
as synthetic material layer because, due to the small thickness of the layer, the temperature effects in the 
layer hardly have any influence on the focal length of the overall optical system within the holder. 

Certain types of diode lasers emit an astigmatic beam. i.e. a beam which, viewed in two mutuaJh/ 
perpentficular planes, has two axiaJly shifted points of convergence. When using this type of laser in an 

13 
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optical radiation source unit a cylindrical fans is generally used to rendsr the beam stigmatfc. This 
cylindrical lens may be Integrated with the collimator tens by superposing the required cylindrical shape on 
the surface of the collimator tena facing thB diode laser. Jn that case the above given expreasions for the 
equivalent coefficient of expansion remain vafid because the radius of curvature of the said cyirndrtcal lens 

5 is of the order of a hundred times (hat of the convex surface of the collimator lens so that the position of the 

fbcua of the optical system within the holder is substantially uninfluenced by the presence of the cylindrical * 
lone and by variations in the behaviour of (his lens. 

It has been assumed In the foregoing that the radiation source In the holder is secured at the position of 1 * 
the radiating surfce and that the collimator lens is secured at the position of the point of Intersection of the 

10 surface 3d and the optical axis. If the fixations are located elsewhere, the coefficient of expansion of the 
portions .of (he holder between the points of fixation and the axial positions of the radiating surface of the 
radiation source and the surface of the collimator lens facing the radiation source must be taken into 
account as is known from, for example German Patent Application No. 2,830,341 . The influence of the 
changes of these portions can be calculated and the above given conditions for the temperature compensa- 

iz tfcn can then be corrected. 

A radiation source unit supplying a coliimated beam can a/so be used in a so-called target-seeking 
device with which a target can be traced and/or followed by means of a beam emitted by the radiation 
source unit and received by a radiation-sensitive detector. The temperature compensation according to the 
Invention can also be used in this device. 

20 The Invention has been described on the hand of a radiation source unit for use in an optical recording 
and/or readmg apparatus. Such apparatus comprises also a detection unit which, as shown in the cited US 
Patent 4,546,463 may be of similar construction as the radiation source unit. This detection unit comprises 
in principle a radiation sensitive detector and a lens for focussing an incident radiation beam to a spot on 
the detector and can be represented by a figure like Figure 2 wherein diode laser 33 is replaced by a 

*s detector like a photodiode. The detection unit may suffer from the Bame temperature effects as the radiation 
source unit. The present invention can also be used to ensure that the spot formed on the detector is not 
influenced by temperature effects. 

The invention is not limited to a radiation so urea or -detection - unit but may be generally applied in 
optical systems whose optical behaviour should not be Influenced by a change of the holder accommodat- 

3Q ing this system. A system which must have a constant factor of magnification such as a telocentric system 
shown diagrammadcally in Figure 6 may be mentioned as an example. • 

A tetecentrtc lens system comprises a number of, for example two lenses, U and U In Figure 6, with 
given powers and mutual distances. If the centre of the so-called aperture stop AA' of this system is located 
in the focus Fx ol the lens U. the exit pupil of the system, l.e. the Image of the aperture stop formed by the 

as lens U is located at infinity and the system is tel&centric on the image side. This means that the chief ray h 
of each beam b traversing the system is perpendicularly Incident on the image plane If. If the aperture stop 
is in the focus F» of the tens L* the entrance pupil Is located at infinity and the system Is telocentric on the 
object side, OP fs the object plane which is con u gated to the Image plane IP. In a double tetecentnc 
system as Is shown In Figure 6. F* and F* both coincide with the centre of the aperture stop. According to 

jo the invention the variation of the distance between the lenses which ia caused by a tempermire-dependent 
variation In length of the holder H, can be compensated by adapting the coefficients of expansion and the 
rafraenva Indices of the lenses to the coefficient of expansion of the holder. Analogously as described 
above for a radiation source unit the condition at which the temperature compensation occurs can be 
derived for a telocentric system. 

45 

Claims 

1 . An optical device comprising a holder accommodating a system of optical elements. Inter alia a lens 
sq system, which elements are secured to the inner wall of the holder, characterized in that the equivalent 
coefficient of expansion of the optical system giving the change in the optical behaviour of this system as a 
ftjnctlon of the temperature and being determined by: 

- the coefficient of expansion of the materials of the optical elements. 

- the refractive indices of these materials and their variations with temperature, 
35 - the dimensions of the optical elements, and 

- the temperature-dependency of (he wavelength of the optical beam passing through the device 

is equal to (he coefficient of expansion of the holder material which is located between the fixations on the 
holder of the two outer elements of the optical systems. 

H 
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2. An optical device as claimed In Claim 1 in the form of an optical radiation source unit supplying a 
cofti mated radiation beam and taring a radiation source constituted by a diode laser whose wavelength is 
temperature dependent and a collimator lens whose object focal plane must coincide with the radiating 
surface of the radiation source, characterized in that the collimator lens Is a single lens and in mat the 

3 equivalent coefficient of expansion giving the variation of the front focal length of me .collimator lens as a 
function of the temperature Is equal to the coefficient of expansion of (he holder material which is present 
between the fixations on the holder of the dtodelaser source and the collimator lens. 

3. An optical device as claimed in Claim 1 t in the form of an optical detection unit tor receiving a beam 
of radiation comprising a lens for focussing the radiation beam and a radiation sensitive detector to convert 

to the radiation beam into an electrical signal, characterizing i n that the equivalent coefficient of me expansion 
giving the variation of the focal length of the lens and the temperature dependency of the radiation beam 
passing ihrought the device Is equal to the coefficient of expansion of the holder material which is present 
between the fixations on (he holder or the radiation detector and the lang. 

4. An optical device as claimed in Claim 2 or 3, characterized In that the tens is a planoconvex lens and 
?s in that the following condition is satisfied: 



in which; 

is the equivalent optical coefficient of expansion. 
2S f r is the front focal length, 

f is the object focal length ol the lens 

is the coefficient of linear expansion of the lens material, 
D> is the axial thickness of the lens, 
n. fs the refractive index of the lens material, 
$0 a 4 is the coefficient of linear expansion of me holder material between the radiation source and the lens 
and 

L fs the length of the holder between the radiation source and the lens and 



and -|rp are the partial derivatives with 



J5 respect to wavelength and temperature, respectively. 

5. An optical device as claimed in Claim 2 or 3, whose lens fe a biconvex lens, characterised in that the 
following condition Is satisfied: 



ft- l± f \ , 

■* " V' 1 ( ~3T 




in which: 

f is the object focal length of the lens, 
so a, is the coefficient of fineatr expansion of the lens material, 

f, is the equivalent focal length of only the surface of the lens remote from the radiation source. 

D, is the axiaJ thickness of the lens, 

n. is the refractive index of me lens material. 

R, is the radius of curvature of the surface of the lens facing radiation source, 
56 a, is the coefficient of lineair expansion of the holder material between the radiation source and the lens. 
L is the length of the holdar between the radiation source and the lens and 
and are the partial derivatives with 



T5 
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ts 



35 



00 



respect to wavelength and temperature, respectively. 

6. An optical device as claimed In Claim 2 or 3. in which a beam-separating element is arranged 
between the lens and the" radiation source or detector, characterised in that the following condition ie 
satisfied: 

• V'- =7) * (4 - ■ -57 ♦ * d 3 

in which; 

a, is the coefficient of linear expansion of the lens material, 

P Is the object local length of the lens. 

D, is the axial thickness of the lens, 

n, is the refractive Index of the lens material. 

Dt is the axial thickness of the beam-separating element, 

n» is the refractive Index of the material of this element, 

oj Is the coefficient of linear expansion of the element material, 

L Is the length of the holder between the radiation source and the lens. 

«t fe the coefficient of linear expansion of fte holder material between the radiation source and the lens, 
end 

-iL^ and ^-p are the partial derivatives with 

respect to wavelength and temperature, respectively. 

7. An optical derive as claimed in Claim 2 or 3. In which a beam-separating element Is arranged 
between the radiation source or detector and the lens, charactertead In that the lens Is a biconvex lens and 
in that the following condition is satisfied: 

(f -37 V n n ~ R2 U di + ar)j + . 



5^ In which: 

f Is the object focal length of the fens, 

f. is the equivalent focal length of only the surface of the lens remote from the radiation source. 
Or is the axial thickness of the lens, 
Pt ie the refractive index of the lens materia], 
Jff «, is me coefficient of Hnealr expansion erf the lens material, 

R* is the radius of curvature of the surface of the lens facing the radiation source, 
D, Is the axial thickness of the beam-separating element, 
n a is the refractive Index of the material of this element 
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h, is the coefficient of lineair expansion at me element material, 

o, 1$ Hie coefficient of fte Bneair expansion of the holder material between the radiation source and the 
lens and 

L is the length of the holder between the radiation source and the lens, and 
5 8nd |t m lh * l^ 31 «terivatives with 

respect to wavelength end temperature, respectively. 

6\ A device lor scanning an information plena In an optical record carrier, which device comprises a 
radiation source supplying a scanning beam, an objective system for focussing the scanning beam to a 
re scanning spot in the information plane, and a detection-unit lor convening the beam from tfie record carrier 
into an electrical signal, characterized in that the radiation source unit and/or the detection unit are in the 
form of an optical device as daimetJ in any one of Claims 2-7. 
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